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High pressure homogenization (HPH) is a non-thermal technology which has been widely studied as a
partial or total substitute for the thermal processing of food. Although microbial inactivation has been
widely studied, there are only a few papers in the literature reporting on physicochemical changes in fruit
products due to HPH, especially regarding their rheological properties. The present work evaluated the
effect of HPH (up to 150 MPa) on the viscoelastic properties of tomato juice. HPH increased the tomato
juice storage (G0) and loss (G00) moduli. The parameters G0 and G00 were modelled as a power function
of the oscillatory frequency (x), and then evaluated as a function of homogenization pressure. It was
observed that HPH processing improved tomato juice consistency more than it modiﬁed its nature/
behaviour. The changes observed in the viscoelastic properties were attributed to disruption of the sus-
pended particles during processing. Moreover, two modiﬁed Cox–Merz rules were used to correlate the
products steady-state shear properties with viscoelasticity. The results obtained indicated that this pro-
cess could be used to improve both product elastic and viscous behaviour, highlighting possible applica-
tions of the HPH process as a valuable tool to promote physical property changes in food products.
 2012 Elsevier Ltd. Open access under the Elsevier OA license. 1. Introduction
The rheological characterization of food is important for the de-
sign of unit operations, process optimization and high quality
product assurance (Ibarz and Barbosa-Cánovas, 2003; Rao, 1999).
From an engineering standpoint, the steady ﬂow curve is the most
valuable way to characterize the rheological behaviour of ﬂuids
(Steffe, 1996). However many phenomena cannot be described
by the viscosity function alone and thus elastic behaviour must
also be taken into consideration (Steffe, 1996). The viscoelastic
properties are very useful in the design and prediction of product
stability (Ibarz and Barbosa-Cánovas, 2003). Moreover, viscoelastic
products may exhibit interesting behaviour such as the Weiss-
enberg and Barus effects (Ibarz and Barbosa-Cánovas, 2003; Steffe,
1996). Thus the study and description of the viscoelastic properties
of liquid foods is important for a better understand of their behav-
iour during processing, storage and consumption.
Tomato is one of the most popular and widely grown vegetables
in the world. It is also one of the most important vegetables in the
food industry, and widely included in the human diet. However,inas (COTUCA), University of
o, CEP: 13020-060 Campinas,
ugusto).
er OA license. there are few reports on the viscoelastic characterization of tomato
products, this being particularly true for the evaluation of the effect
of each unit operation on the viscoelastic properties of tomato
products. Although homogenization is a unit operation widely
used in tomato processing, there are only a few papers related to
the effect of high pressure homogenization (HPH) on tomato prod-
uct rheology, especially on the viscoelastic properties.
High pressure homogenization (HPH) technology consists of
pressurizing a ﬂuid such that it ﬂows quickly through a narrow
gap valve, which further increases its velocity to a great extent,
resulting in depressurization with consequent cavitation and high
shear stress. Thus the particles, cells and macromolecules sus-
pended in the ﬂuid are subjected to high mechanical stress, becom-
ing twisted and deformed. This technology has been studied by
many authors as a non-thermal food preservation technique, espe-
cially for fruit products. The present work evaluated the effect of
high pressure homogenization (HPH) on the viscoelastic properties
of tomato juice.2. Materials and methods
As described by Augusto et al. (2012b), a 4.5-Brix tomato juice
was obtained by diluting a commercial 30-Brix pulp in distilled
water. A commercial pulp was used for guarantee of standardiza-
Nomenclature
a magnitude index in power modiﬁed Cox–Merz rule (Eq.
(5)) (–)
b behaviour index in power modiﬁed Cox–Merz rule (Eq.
(5)) (–)
k magnitude index in linear modiﬁed Cox–Merz rule (Eq.
(4)) (–)
_c shear rate (s1)
ga apparent viscosity (= r/ _c) (Pa s)
g⁄ complex viscosity (Pa s)
r shear stress (Pa)
r0 yield stress, Herschel–Bulkley model (Pa)
x oscillatory frequency (Hz)
A slope index in the linearmodel forevaluationof experimen-
tal values versus those obtained by models (Eq. (6)) (–)
B intercept index in the linear model for evaluation of
experimental values versus those obtained by models
(Eq. (6)) (–)
G0 storage modulus (Pa)
G00 loss modulus (Pa)
k’ and k00 consistency coefﬁcients in the power law model of the
viscoelastic properties (Eqs. (1) and (2)) Pa sn
0
;Pa sn
00
n0 and n00 behaviour index in the power law model of the visco-
elastic properties (Eqs. (1) and (2)) (–)
PH homogenization pressure (MPa)
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concentrated by evaporation at 65 C, thermally processed by the
UHT method and aseptically packaged in bags.
The pulp was fractionated into small portions in the laboratory,
packaged in high density polyethylene bottles and frozen at 18 C
until used. This procedure allowed for the use of the same product
throughout the entire work. The samples were thawed at 4 C, di-
luted using distilled water at 50 C to ensure better hydration, and
allowed to rest for 24 h at 5 C to ensure complete hydration and
release of the incorporated air. The juice pH value was 4.6.
2.1. High pressure homogenization (HPH) process
The juice was homogenized at 0 MPa (control), 25, 50, 100 and
150 MPa using a high pressure homogenizer (Panda Plus, GEA Niro
Soavi, Italy). The samples were introduced into the equipment at
room temperature, and quickly cooled using an ice bath just after
the homogenization valve. The maximum temperature reached
by a sample was 40 C (for the sample homogenized at
150 MPa, just before the ice bath). The experiments were carried
out with three replicates.
2.2. Rheological properties
Rheological analyses were carried out using a controlled stress
(r) rheometer (AR2000ex, TA Instruments, USA) with a cross
hatched plate–plate geometry (40 mm in diameter). The dimen-
sion of the gap (1.0 mm) was determined by using a gap-indepen-
dency procedure, as described by Augusto et al. (2012b). In this
procedure, the distance between the plates was varied and the
sample ﬂow behaviour evaluated. The ideal gap dimension was ob-
served when the sample ﬂow behaviour was independent of vari-
ation in the gap. The temperature was maintained constant at
25 C using a Peltier system.
Oscillatory stress sweeps between 0.01 and 10 Pa were carried
out at a frequency of 1 Hz to determine the linear viscoelastic
range. Samples were placed in the rheometer and maintained at
rest for 10 min before the frequency sweep measurements. A ﬁxed
shear stress value within the linear viscoelastic range of 0.01–
100 Hz was used. The storage modulus (G0), loss modulus (G00)
and complex viscosity (g⁄) were thus obtained as a function of
the oscillatory frequency (x).
The storage (G0) and loss (G00) moduli were modelled as a power
function of the oscillatory frequency (x) (Eqs. (1) and (2)), as com-
monly used to describe the viscoelastic behaviour of food and dis-
persions (Rao, 1999).
G0 ¼ k0  xn0 ð1ÞG00 ¼ k00  xn00 ð2Þ
Due to the non-destructive nature of small amplitude oscilla-
tory measurements, it is possible to carry out multiple tests on
the same sample under different test conditions (Dogan and Koki-
ni, 2007). Thus, after the frequency sweep period, a steady-state
shear protocol was applied in order to evaluate the Cox–Merz rule.
The Cox–Merz rule states that the apparent viscosity (ga = r/ _c)
at a speciﬁc shear rate ( _c) is equal to the complex viscosity (g⁄)
at a speciﬁc oscillatory frequency (x), when _c =x (Eq. (3); Rao,
1999). When this rule is valid, the rheological food properties
can be obtained by either oscillatory or steady-state shear experi-
ments (Gunasekaran and Ak, 2000). This is particularly useful due
to the characteristics and limitations of each kind of experiment.
gðxÞ ¼ gað _cÞj _c¼x ð3Þ
The apparent viscosity of the product was evaluated using the
steady-state shear protocol. Samples were sheared at a constant
shear rate (300 s1) for 10 min in order to eliminate product thix-
otropy (Augusto et al., 2012b; Augusto et al., 2012c). Thus, a linear
decreasing stepwise protocol (100 to 0.01 s1) was used in order to
guarantee the steady-state shear condition (5 min).
The parameters of each model were obtained by linear or non-
linear regression using the software CurveExpert Professional
(v.1.2.0, http://www.curveexpert.net/, USA) with a signiﬁcant
probability level of 95%.
Moreover, the effect of homogenization pressure (PH) on the
parameters of Eqs. (1) and (2) was evaluated using the analysis
of variance (ANOVA) and Tukey test at a 95% conﬁdence level.
The software STATISTICA 5.5 (StatSoft, Inc., USA) was used for this
purpose.
3. Results and discussion
3.1. Viscoelastic properties
The native tomato juice linear viscoelastic region limit was set
at 0.1 Pa, in accordance with the results of Augusto et al.
(2011b). The limits of the other sample were close to 1.0 Pa. Thus
a shear stress of 0.1 Pa was selected for the oscillatory frequency
sweeps, since it could be used for all the samples.
Fig. 1 shows the effect of high pressure homogenization
(0–150 MPa) on the tomato juice mechanical spectra. Although
the oscillatory frequency sweeps were carried out in the range
from 0.01 to 100 Hz, the linear viscoelastic region was limited by
the frequency of 25 Hz for all the samples. Thus Fig. 1 only shows
the results obtained in the linear range, in accordance with that
reported for tomato juice (Augusto et al., 2011b), tomato
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Fig. 1. Tomato juice mechanical spectra: effect of HPH (0–150 MPa) on storage modulus (G0 ,e), loss modulus (G00 ,d) and complex viscosity (g⁄,). Vertical bars represent the
standard deviation for each value. (a) 0 MPa, (b) 25 MPa, (c) 50 MPa, (d) 100 MPa and (e) 150 MPa.
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Rao and Cooley, 1992), tomato suspensions (Bayod and Tornberg,
2011) and ketchups (Yilmaz et al., 2011; Bayod et al., 2008), and
Eqs. (1) and (2) were only evaluated in this frequency range.
The storage modulus (G0) was always higher than the loss mod-
ulus (G00) in the oscillatory frequency (x) range evaluated, for all
the products. This indicates that the elastic properties of tomato
juice are dominant, rather than the viscous ones, and that the prod-
ucts can be classiﬁed as weak gels (Rao, 1999). This behaviour is
typically observed in suspensions with network-like structures,
being characteristic of fruit products and similar to that reported
for tomato and other vegetable products.
The dependence of G00 on the oscillatory frequency was greater
than for G0, especially at high frequencies. Moreover, in a way sim-
ilar to the behaviour of tomato concentrate (Bayod et al., 2008), at
x < 0.1 Hz the tomato juice G00 was almost independent of the
oscillatory frequency. According to Bayod et al. (2008), this istypical of highly structured materials, classifying the products be-
tween true gels (characterized by covalent cross-linked materials)
and concentrated suspensions (characterized by entanglement
networks).
As expected, the values for G0 and G00 showed a rising tendency
with rising oscillatory frequency, the opposite behaviour of the
complex viscosity (g⁄). Moreover, as described by Bayod et al.
(2008) for tomato concentrates, G0 increased slightly with increas-
ing frequencies, whereas G00 remained constant at low frequencies
and then increased at higher frequencies.
Thus, it was possible to model the storage and loss moduli as a
power function of the oscillatory frequency (Eqs. (1) and (2)). The
R2 regression values were always higher than 0.95, with the excep-
tion of the 0 MPa G00 tomato juice behaviour. The loss modulus (G00)
of the native sample showed low agreement with the power law
model, with R2 values close to 0.78. This was expected due to the
nature of tomato juice. Fig. 2 shows the effect of high pressure
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Fig. 2. Effect of HPH (0–150 MPa) on tomato juice viscoelastic properties (k0 , k00 , n0
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obtained were in accordance with those described for other tomato
and vegetable products (Table 1).
The values for n00 were always higher than those for n0 (Fig. 2),
which demonstrates that the viscous behaviour of the tomato juice
became more important at high frequencies. The effect of high
pressure homogenization was greater for the magnitudes of G0
and G00 than for their shapes, the homogenization pressure (PH)
changing the values for k0 and k00 much more than those for n0
and n00. After homogenization, the value for n0 of the tomato juice
had increased by 24–53%, and that for n00 by 37–43%, although
the values for n0 were always close to 0.1 and those for n00 always
between 0.2 and 0.3. After homogenization, the value for k0 was
320% (25 MPa), 260% (50 and 100 MPa) and 196% (150 MPa) higher
than in the original juice, and the value for k00 had increased by
419% (25 MPa), 316% (50 MPa), 289% (100 MPa) and 211%
(150 MPa).
This suggests that tomato juice behaviour is not greatly affected
by the homogenization process (n0, n00), although its consistency is
(k0, k00), in accordance with the steady-state shear results described
by Augusto et al. (2012b).Table 1
Values for parameters of the power law model for storage (G0) and loss (G00) modules as a
Product n0 n00
Tomato juice (HPH 0–150 MPa) 0.08–0.12 0.21–0.30
Tomato concentrates (21–34 Brix) 0.08–0.24 0.11–0.25
Ketchups 0.10–0.18 0.24–0.42
Potato puree 0.06–0.10 0.10–0.19
Peach juice with ﬁbres 0.22–0.24 0.33–0.40
Vegetable-based baby foods 0.06–0.14 0.16–0.22
Siriguela pulp 0.14 0.27The parameters k0, n0 (Eq. (1)), k00 and n00 (Eq. (2)) ﬁrst increased,
and then decreased, with increasing homogenization pressure (PH)
(Fig. 2). This indicates that the main changes in tomato juice take
place at ‘‘lower’’ PH values (25–50 MPa), as observed by Augusto
et al. (2012b). Moreover it also indicates that in this ‘‘lower’’ PH
range (25–50 MPa), the homogenization of tomato juice results
in a strong internal structure, which is partially broken at high PH.
Augusto et al. (2012b) evaluated the suspended particles of to-
mato juice after high pressure homogenization (HPH). Not only
was the mean diameter affected by HPH, but also the particle size
distribution (PSD). The control juice (0 MPa) showed a monomodal
distribution, with particle diameters ranging between 100 and
1000 lm. When the juice was processed at 50 MPa, a broader dis-
tribution was observed, with particles ranging between 10 and
1000 lm. Finally, when the juice processed at 150 MPa was eval-
uated, a further reduction in the particle diameter and a narrow
distribution (10–300 lm) was observed. Moreover, the changes
in particle diameter were less pronounced between 50 and
150 MPa than between 0 and 50 MPa. Therefore the effect of
homogenization pressure (PH) on the disruption of suspended par-
ticles followed an asymptotic behaviour, i.e., increasing PH values
showed less effect at higher PH values. Similar behaviour was ob-
served by Silva et al. (2010) for pineapple pulp homogenized at
up to 70 MPa.
Thus, increasing PH values result in smaller suspended particles,
with greater surface area and consequently increased inter-particle
interactions (Augusto et al., 2012b), which explains the higher val-
ues for G0 and G00 (k0 and k00) of the homogenized juices when com-
pared to the control (0 MPa).
Moreover, homogenization in the 25- to 50-MPa range results
in a broader PSD (Augusto et al., 2012b) with a greater particle vol-
ume fraction (/), since the small particles ﬁll the volume between
the larger particles. Thus, greater inter-particle interaction is to be
expected, which explains the higher k0 and k00 values observed un-
der these process conditions.
Den Ouden and Van Vliet (2002) studied the effect of homoge-
nizing tomato concentrates at 17 MPa on their storage modulus
(G0). After homogenization, the G0 at 1 Hz had changed from 50
to 80–90 Pa for the 5-Brix product. In the present work, the toma-
to juice G0 at 1 Hz changed from 191 Pa (0 MPa) to 590 Pa (25 MPa),
415 Pa (50 MPa), 470 Pa (100 MPa) and 360 Pa (150 MPa).
Bengtsson and Tornberg (2011) studied the effect of homogeni-
zation at 9 MPa on the rheological properties of apple, tomato, po-
tato and carrot ﬁbre suspensions. The authors observed that with
low degrees of homogenization, the G0 increased 2.5 times in toma-
to, potato and carrot suspensions, when compared to the non-
homogenized samples. For apple ﬁbre suspensions, however, the
G0 remained constant. Moreover, the authors observed that the in-
crease in G00 due to the homogenization process was not as pro-
nounced as for G0, and that the increase in G0 followed the
increase in volume fraction obtained on homogenization. An in-
crease in G0 due to homogenization (up to three passes at 9 MPa)
was also observed by Bayod and Tornberg (2011) for tomato
suspensions.function of oscillatory frequency (x; Eqs. (1) and (2)) for vegetable products.
Reference
Present work
Bayod et al. (2008), Yoo and Rao (1996), Rao and Cooley (1992)
Yilmaz et al. (2011), Bayod et al. (2008)
Alvarez et al. (2004)
Augusto et al. (2011a)
Ahmed and Ramaswamy (2006)
Augusto et al. (2012a)
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tion up to 60 MPa on the rheological properties of tomato, broccoli
and carrot suspensions. The results obtained varied according to
the product studied, highlighting the need for better understand
of the unit operations in food processing. While homogenization
increased the yield stress (r0), apparent viscosity (ga), and storage
(G0) and loss (G00) moduli of the tomato suspension, the opposite
behaviour was observed for the carrot and broccoli suspensions.
The authors described the different tissue compositions and sensi-
tivity to shear, and related the behaviour observed to the changes
in product phase volume (which increased in tomato and de-
creased in carrot and broccoli).
Lopez-Sanchez et al. (2011b) studied the effect of homogeniza-
tion up to 100 MPa on the rheological properties of tomato and car-
rot emulsions (emulsions of vegetable, water and olive oil). The
carrot emulsion G0 values showed a small increase when homoge-
nized at 10 MPa, which decreased when processed at 100 MPa. The
product G00 was almost stable when homogenized at 10 MPa, but
decreased when processed at 100 MPa. The tomato emulsions
showed a different behaviour. Both their G0 and G00 were almost sta-
ble when homogenized at 10 MPa, but decreased when processed
at 100 MPa. The authors observed that the tomato cell wall dis-rupted at lower homogenization pressures (PH) when compared
to the carrot.
The results obtained described the effect of high pressure
homogenization (HPH) on the internal structure of tomato juice.
They indicated that the process could be used to improve both
the elastic and viscous behaviour of the product. Thus HPH can
be used to increase the consistency of tomato juice, improving its
sensory acceptance, reducing the need for hydrocolloids and
reducing particle sedimentation or serum separation.
3.2. Applicability of the Cox–Merz Rule
As observed in Fig. 1, the Cox–Merz rule could not be used di-
rectly (Augusto et al., 2011b). As commonly observed in food prod-
ucts, the complex viscosity (g⁄) magnitudes were always higher
than the apparent viscosity (ga) magnitudes (Fig. 3). The non-ﬁt-
ting of the Cox–Merz rule for complex dispersions is attributed
to the presence of high-density entanglements or to the develop-
ment of structure and intermolecular aggregation in solution (Da
Silva and Rao, 1992).
The rheological oscillatory and steady-state shear rheological
properties of foods are generally correlated by linear and power
Table 2
Modiﬁed Cox–Merz rule (Eqs. (4) and (5)) parameters as function of homogenization
pressure (PH).
PH (MPa) Eq. (4) Eq. (5)
k R2 a b R2
0 3.731 0.99 7.951 0.8745 0.99
25 3.961 0.99 10.41 0.8622 0.99
50 4.078 0.99 10.46 0.8616 0.99
100 4.758 0.99 11.25 0.8704 0.99
150 3.813 0.99 7.974 0.8882 0.99
Table 3
Modiﬁed Cox–Merz rule (Eqs. (4) and (5)) parameters as function of homogenization
pressure (PH): accuracy evaluation by using Eq. (6).
PH (MPa) Eq. (4) Eq. (5)
A B R2 A B R2
0 1.06 20.1 0.99 1.04 4.01 0.99
25 1.00 64.5 0.99 0.99 8.59 0.99
50 1.07 54.5 0.99 1.05 9.09 0.99
100 1.01 49.7 0.99 0.99 8.28 0.99
150 0.98 23.9 0.99 0.99 8.21 0.99
Table 4
Values for the parameters of the linear (Eq. (4)) and power (Eq. (5)) modiﬁed Cox–
Merz Rule for vegetable products.
Product T
(C)
Eq.
(4)
Eq. (5) Reference
k a b
Tomato juice (HPH
0–150 MPa)
25 3.73–
4.76
7.95–
11.3
0.86–
0.88
Present work
Tomato juice 25 5.56 – – Augusto et al.
(2011b)
Sweet potato baby
food
20 7.14 – – Ahmed and
Ramaswamy (2006)
Potato puree 25–
65
– 0.90–
1.35
2.15–
39.83
Alvarez et al. (2004)
Apple baby food 5–
80
– 1.15–
1.20
4.64–
6.99
Ahmed and
Ramaswamy (2007)
Apricot baby food 5–
80
– 1.16–
1.44
0.41–
1.26
Ahmed and
Ramaswamy (2007)
Banana baby food 5–
80
– 1.15–
1.33
1.91–
11.80
Ahmed and
Ramaswamy (2007)
Ketchup 25 – 0.94 13.97 Bistany and Kokini
(1983)
Tamarind juice 10–
90
– 0.67–
1.06
0.86–
30.82
Ahmed et al. (2007)
62 P.E.D. Augusto et al. / Journal of Food Engineering 114 (2013) 57–63modiﬁcations to the Cox–Merz rule (Rao, 1999; Gunasekaran and
Ak, 2000). Augusto et al. (2011b) showed the four possible linear
modiﬁcations to the Cox–Merz rule, and discussed the fact that
the studies reported in the literature did not follow a speciﬁc
one. Thus, a linear (Eq. (4)) and a power (Eq. (5)) modiﬁed Cox–
Merz rule were used for the evaluation of the rheological
properties.
gðxÞ ¼ kgað _cÞj _c¼x ð4ÞgðxÞ ¼ a gað _cÞ½ b



_c¼x
ð5Þ
The values of the parameters k (Eq. (4)) and a and b (Eq. (5)) are
shown in Table 2, with R2 always higher than 0.99. Moreover, the
complex viscosity values obtained by the models (g⁄model) were
plotted as a function of the experimental values (g⁄experimental).
The regression of these data to a linear function (Eq. (6)) resultedin three parameters, that could be used to evaluate the description
of the experimental values by the models, i.e., the linear slope (A;
which must be as close as possible to the unity), the intercept (B;
which must be as close as possible to zero) and the coefﬁcient of
determination (R2; which must be as close as possible to the unity).
Using Eq. (6), it can be seen that the models obtained describe the
experimental values well (Table 3). Moreover, it was observed that
the power model (Eq. (5)) ﬁtted the experimental values better
than the linear model (Eq. (4)).
gmodel ¼ A  gexperimental þ B ð6Þ
The results obtained indicated that the tomato juice rheological
properties could be obtained by either oscillatory or steady-state
shear experiments, even after high pressure homogenization.
Moreover, Table 4 shows that the values obtained were in accor-
dance with those described by Augusto et al. (2011b) for tomato
juice, as well as with those described for other fruit products such
as ketchup, vegetable-based baby foods, potato puree and tama-
rind juice.
The parameters k (Eq. (4)) and a and b (Eq. (5)) showed similar
behaviour in relation to the homogenization pressure (PH), to the
behaviour observed for the parameters k0, n0 (Eq. (1)), k00 and n00
(Eq. (2)). The parameters k and a ﬁrst increased and then decreased
with increase in PH, while parameter b followed the opposite trend.
However, in contrast with that observed for k0 and k00, and in accor-
dance with that observed for n0 and n00, the changes in k, a and b in
relation to the homogenization pressure (PH) were relatively small.
The value for a is related to the magnitude of the difference be-
tween the apparent (ga) and complex (g⁄) viscosities, and was
the parameter that changed more (up to 40%). The value for b is re-
lated to the differences in behaviour between ga and g⁄ in relation
to the shear rate ( _c) and oscillatory frequency (x), and only chan-
ged 2%. The linear model only had one parameter, k, which is re-
lated to both magnitude and behaviour differences and changed
up to 28%, an intermediate value. Once again this indicates that
high pressure homogenization improves tomato juice consistency
more than it modiﬁes its nature (internal structure).
The results obtained highlighted the possible applications of
high pressure homogenization (HPH) as a valuable tool to promote
physical properties changes in food products.4. Conclusions
The present work evaluated the effect of high pressure homog-
enization (HPH) on the viscoelastic properties of tomato juice. HPH
increased the values of the tomato juice storage (G0) and loss (G00)
moduli. The products G0 and G00 were modelled as a power function
of the oscillatory frequency (x), of which the parameters were
then evaluated as a function of the homogenization pressure
(PH). Moreover, it was observed that HPH processing improved to-
mato juice consistency more than it modiﬁed its nature (internal
structure). The changes observed in the viscoelastic properties
were attributed to disruption of suspended particles during pro-
cessing. Moreover, two modiﬁed Cox–Merz rules were used to cor-
relate the steady-state shear properties of the product to its
viscoelasticity. The results obtained highlighted possible applica-
tions of high pressure homogenization (HPH) as a valuable tool
to promote physical properties changes in food products.Acknowledgment
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